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© Resorbable fixation device with controlled stiffness for treating bodily material in vivo and 
introducer therefor. 
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© The resorbable fixation device is useful for treat- 
ing torn bodily material in vivo. It has a tip (1), a 
head (2), and a cylindrically shaped shaft portion (3) 
lying between said tip (1) and said head (2). 
The shaft portion (3) has at least one retention 
element (4) protruding radially therefrom to facilitate 
insertion of said shaft portion (3) longitudinally into 
said bodily material in a forward axial direction ex- 
tending from said tip (1) to said head (2) and to 
restrict movement of said shaft portion (3) through 
said bodily material in a backward axial direction 
opposite to said forward direction. 
The shaft portion (3) has further a hollow body (9) 
with at least one radial opening (5) extending trans- 
versely through the walls (6) surrounding said hollow 
body (9) and rendering said shaft (3) radially elastic. 
The walls (6) surrounding said hollow body (9) are 
provided with at least one stiffening element (7) 
providing a controlled stiffness to the fixation device. 
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Background of the Invention 

This invention relates to a resorbable fixation 
device for treating torn bodily material in vivo ac- 
cording to the preamble of claim 1 and an intro- 
ducer for implanting the device according to the 
preamble of claim 18. 

Internal fixation of facial bones is usually per- 
formed using various types of metallic dynamic 
compression plates, mini-plates and adequate 
screws. Although metallic implants give satisfactory 
fixation and good fracture healing, it is recom- 
mended to remove them after the fracture healing 
is completed. This is basically due to potential 
corrosion of the implants, bone resorption under 
the implant and possible inflammatory response to 
the implant. 

The use of resorbable implants with adequate me- 
chanical properties and rate of resorption might 
allow to overcome these problems. 

Traumatic injury and/or heavy load applied to 
the knee may result in torn menisci. The early 
methods of treatment of the torn menisci involved 
partial or total meniscectomy. 

The long term results of the latter technique 
proved to be disappointing, and often led to os- 
teoarthritis and instability of the knee. The new 
techniques of menisci lesions repair involve 
meniscus suturing using arthrotomy and arthro- 
scopy. An arthrotomy is quite traumatic, as it re- 
quires large incision to gain access to the joint. An 
arthroscopy allowing guiding the suture under arth- 
roscopic visualization is less traumatic, although it 
also requires incision which is larger than the stan- 
dard one used in arthroscopy. 

From US 4,884,572 BAYS ET AL. a fixation 
device is known for repairing torn cartilaginous or 
other bodily tissue, particularly torn meniscus tis- 
sue during arthroscopic surgery. This known repair 
device in the form of a tack has a shaft portion with 
radially projecting barb members and a longitudinal 
bore. It is made from a biodegradable material 
chosen to have a degradation time in excess of the 
required healing time for the tissue, i.e. giycolide 
and lactide copolymers. 

This known device of conventional design seems to 
improve the torn meniscus treatment technique be- 
cause it requires only a small incision. It is not 
possible, however, to use it for treatment of small 
fragments due to its lack of sufficient stiffness. 

From US 3,350,976 TOPF a one piece plastic 
expansion fastener is known having two distinct 
legs. It defines two combined elements, an inner 
and an outer one, which are movable with respect 
to each other axially. The fastener is split at its tip 
in order to allow a relative displacement of the two 
legs upon insertion into a hole thereby producing 
fixation within the hole. The split tip renders inser- 



tion rather difficult because the split fastener tends 
to bend. Furthermore due to the split construction 
the stiffness of this fastener is very poor. 

It is further known to use resorbable pins 
5 (marketed under the trademarks ORTHOSORB, 
ETHIPIN and BIOFIX) for the fixation of small frag- 
ments, treatment of fractures of the ankle, talus, 
patella, condylar fractures of the femur, fractures of 
the metacarpals and phalanges of the hand, con- 
to dylar fractures of the humerus, a.s.o. These known 
pins have a circular cross-section and a smooth 
surface. The latter may give rise to pin loosening 
due to the slippage of the smooth surface through 
the bone hole. In addition, in their present design 
is and sizes, they are available only with one stiff- 
ness. 

Summary of the Invention 

20 The invention as claimed is intended to rem- 
edy these drawbacks. It solves the problem of how 
to design a resorbable fixation device with a con- 
trolled stiffness for treating torn bodily material in 
vivo. 

25 The invention solves the problem with a device 
comprising the features of claim 1 and an intro- 
ducer comprising the features of claim 18. 

In a preferred embodiment of the fixation de- 
vice according to the invention its stiffening ele- 

30 ments are arranged along the inner side of the 
walls surrounding its hollow body and protrude 
therein. The number and geometrical shape of the 
stiffening elements can be varied over a great 
range. The resulting overall stiffness of the fixation 

35 device can be varied, by varying the number of 
stiffening elements and their shape, and this can 
be adjusted to a particular application. 

For fixation devices with stiffening elements of 
the same thickness or diameter, increasing the 

40 number of stiffening elements being located within 
the hollow body, i.e. decreasing the distance be- 
tween the individual elements, increases the overall 
stiffness of the respective device. 

Fixation devices having stiffening elements with 

45 rectangular shape, or solid cross-sections have 
higher stiffness, than those having X-type, S-type 
and D-type shapes and hollow cross-sections. 

In a further preferred embodiment of the inven- 
tion the head of the fixation device is divided by 

so the radial opening or slit through the shaft thereby 
allowing lateral movement of the two lateral seg- 
ments formed by the slit and rendering the device 
expandable. 

The use of the hollow body which has a radial 

55 opening or slit reduces the amount of polymer 
necessary for producing the implant, and thus di- 
minishes the chance of the long -term tissue in- 
flammation. Furthermore resorbability of the poly- 
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mer material which through the opening is acces- 
sible from all sides to the bodily fluids is enhanced. 

The shape of the retention elements can be 
varied to achieve best contact between the tissue 
and the implant and thus, fixation stability. In a 
further preferred embodiment of the invention the 
orientation of the retention elements in the upper 
shaft portion adjacent to the head is reversed in the 
opposite direction. This design enhances fixation 
stability of the tissue and allows compression of 
the fracture fragments. 

The fixation device according to the invention 
can be used with a grip portion attached to the 
head or without, depending on the area of applica- 
tion. The grip portion allows controlled handling 
and inserting of the fixation device into bodily tis- 
sues with the aid of a hollow introducer allowing a 
.releasable engagement with the fixation device. 
The grip portion is preferably provided with a pre- 
determined breaking point and is finally cut or 
broken out, once the device is introduced in the 
tissue. 

The various features of novelty which char- 
acterize the invention are pointed out with particu- 
larity in the claims annexed to and forming part of 
this disclosure. For the better understanding of the 
invention, its operating advantages and specific ob- 
jects attained by its use, reference should be had 
to the accompanying drawings and descriptive 
matter in which are illustrated and described pre- 
ferred embodiments of the invention. 

Brief Description of the Drawings 

In the drawings: 

Fig. 1 shows a perspective view of a fixation 
device according to the invention. 
Figs. 2 to 12 show longitudinal sections and 
cross-sectional views of various fixation devices 
according to the invention having various ar- 
rangements of stiffening elements and retention 
elements; 

Fig. 13 shows a longitudinal section of a fixation 
device according to the invention with a split 
head portion and expandable shaft segments; 
Fig. 14 shows a side view of a screw-actuated 
introducer to be used for inserting the fixation 
devices according to the invention; 
Fig. 15 shows a longitudinal section of the intro- 
ducer according to Fig. 14; 
Fig. 16 shows a longitudinal section of a spring- 
actuated introducer to be used for inserting the 
fixation devices according to the invention with a 
grip portion; 

Fig. 17 shows a side-view of a spring-actuated 
introducer to be used for inserting the fixation 
devices according to the invention without a grip 
portion; and 



Fig. 18 shows a cross-section of the introducer 
according to Fig. 17. 

Description of the Preferred Embodiments 

5 

As shown in Fig. 1 , the fixation device accord- 
ing to the invention basically consists of an elon- 
gated cylindrical body 10 with a tip 1, a head 2, 
and a cylindrically shaped hollow shaft portion 3 
70 lying between said tip 1 and said head 2. The shaft 
portion 3 is rectangular in cross-section, but could 
also be circular. The length of the shaft 3 is pre- 
determined and depends from the area of applica- 
tion. 

75 The shaft portion 3 has a plurality of retention 
elements 4 protruding radially therefrom to facilitate 
insertion of said shaft portion 3 longitudinally into 
said torn bodily material in a forward axial direction 
extending from said tip 1 to said head 2 and to 

20 restrict movement of said shaft portion 3 through 
said bodily material in a backward axial direction 
opposite to said forward direction. 
The shaft portion 3 contains a hollow body 9 with a 
radial opening 5 in the form of a longitudinal slit 

25 extending transversely through the walls 6 sur- 
rounding said hollow body 9. This construction of 
the shaft 3 with the radial opening 5 which divides 
it into two lateral segments 31 and 32 - connected 
at the tip 1 and at the head 2 - provides it with 

30 radial elasticity. 

Along the inner side of said walls 6 surrounding 
said hollow body 9 a number of stiffening elements 
7, in the form of hollow tube segments, are ar- 
ranged and protrude into the hollow body 9. The 

35 stiffening elements 7 are arranged in a regular 
pattern along the axial direction of the shaft portion 
3 and are connecting the two lateral segments 31 
and 32 providing a controlled stiffness of the shaft 
portion 3. 

40 The stiffening elements 7 can have various 
shapes as illustrated in Figs. 1 to 12. Instead of the 
hollow tube segments - as illustrated in Figs. 1, 5 
6, 9 and 12 - a multitude of other stiffening ele- 
ments are suitable, e.g. with rectangular shape 

45 (Fig. 10), solid cross-sections (Fig. 11), X-type 
structure (Fig. 7 and 8), Z-type structure (Fig.3), S- 
type structure (Rg. 4) or lattice structure ((Figs. 2). 

All embodiments according to Figs. 1 to 12 
have an integral head 2 which preferably is pro- 

50 vided with a grip portion 8 (Figs. 1 to 8 and 10 to 
12). The grip portion is designed for releasable 
engagement by a hollow introducer as explained 
below, said grip portion 8 being preferably pro- 
vided with a predetermined breaking or cutting 

55 point. 

In Fig. 13 a preferred embodiment of a fixation 
device is illustrated with a head 2 which is also 
divided by said radial opening 5 in the form of a 
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longitudinal slit allowing lateral movement of said 
two lateral segments 31 and 32 around said tip 1 
which connects them. 

In a preferred embodiment illustrated in Fig. 8 
the orientation of the retention elements 4 in the 
upper shaft portion 3 adjacent to said head 2 is 
reversed in the opposite direction adjacent to the 
tip 1. 

The screw-activated introducer 20 shown in 
Figs 14 and 15 consists of a threaded pusher 21 
engaging with the upper portion of a threaded 
hollow cylindrical member 22 having longitudinal 
cuttings 26 in the lower conical part and a load 
transmitting bail 23. By screwing in the pusher 21 , 
it pushes the load transmitting ball 23 in the for- 
ward direction, which in turn pushes the lower 
conical part of the hollow cylindrical member 22 
and opens the jaws 25 for receiving the grip portion 
8 of the fixation device 10. By screwing out the 
pusher 21, the load transmitting ball 23 is pushed 
backward by the opened jaws 25, the latter clamp- 
ing releasably the grip portion 8 of the fixation 
device 10 as represented in Fig. 15. Next the 
fixation device 10 can be implanted in the tissue 
and the grip portion 8 can be cut out. 

The spring-activated introducer 40 shown in 
Fig. 16 consists of a spring-activated pusher 41 
with an annular stop 47 for a spring 44 engaging 
with the upper portion of a hollow cylindrical mem- 
ber 42 with an annular stop 48 for the spring 44 
and having longitudinal cuttings 46 in the lower 
conical part, and a load transmitting ball 43. It uses 
the same principle as the screw-activated intro- 
ducer 20 except that opening and closing of the 
jaws 45 of the introducer 40 are activated by the 
spring 44, and under action of the spring 44, the 
pusher 41 returns to its dwelling position. 

The spring-activated introducer 50 shown in 
Figs. 17 and 18 consists of a spring-activated 
pusher 51 with an annular stop 57 for a spring 54 
engaging with the upper portion of an unslitted 
hollow cylindrical member 52 with an annular stop 
58 for the spring 54 and with a cylindrical implant 
chamber 57 adapted to receive a fixation device 17 
which does not have a grip portion attached to the 
head 2. 

The introducers 20, 40 and 50 allow good 
handling and easy implantation of the fixation de- 
vices according to the invention. 

Resorbable materials to be used for preparing 
of the fixation devices according to the invention 
are mainly polymers such as highly purified poly- 
hydroxyacids, polyamines, polyaminoacids, 
copolymers of amino acids and glutamic acid, 
polyorthoesters, polyanhydrides, polyamides, poly- 
dioxanone, polydioxanediones, polyesteramides, 
poly malic acid, polyesters of diols and oxalic 
and/or succinic acids, polycaprolactone, copolyox- 



alates, polycarbonates or poly(glutamic-co-leucine). 
Preferably used polyhydroxyacids comprise poly- 
caprolactone, poly(L-lactide). poly(D-lactide), poly- 
(L/D-lactide), poly(L/DL-lactide) polyglycolide, 

5 copolymers of lactide and glycolide of various 
compositions, copolymers of said lactides and/or 
glycolide with other polyesters, copolymers of 
glycolide and trimethylene carbonate, poly- 
(glycolide-co-trimethylene carbonate), polyhydrox- 

io ybutyrate, poly hydroxy valerate, copolymers of 
hydroxybutyrate and hydroxyvalerate of various 
compositions. 

Further materials to be used as additives are 
composite systems containing resorbable polymer- 

15 ic matrix and resorbable glasses and ceramics 
based e.g. on tricalcium phosphate and/or hydrox- 
yapatite, admixed to the polymer before process- 
ing. 

The rate of resorption and the loss of mechani- 

20 cal properties of the fixation device according to 
the invention in vivo has to be adapted to allow 
maintenance of its functionality during the healing 
period. The rate of resorption can be controlled 
taking into account that such factors as polymer 

25 weight, crystallinity, polymer chain orientation, ma- 
terial purity, the presence of copolymer unit in the 
chain and presence of voids (porosity) will affect 
the rate of resorption. In general the rate of resorp- 
tion increases in the presence of a material with 

30 voids, pores, impurities, copolymer units. The rate 
of degradation decreases with the increase of poly- 
mer molecular weight, crystallinity and chain ori- 
entation. The polymeric material should preferably 
have a degradation rate in vivo in the range of 6 

35 weeks to 24 months. 

Viscosity-average molecular weight of polymers to 
be suitable for preparation of the fixation device 
according to the invention should be in the range of 
30'000 to 900'000 and preferably 150*000 for soft 

40 tissue implants, and preferably 300'000 to 400*000 
for hard tissue implants. 

Concentration of the copolymer unit in the 
polymer should be in the range of 1 to 99 % and 
preferably in the range of 5 to 35 %. 

45 The polymeric material should preferably have 

a polydispersity in the range of 1,2 to 100,0, most 
preferably in the range of 1,5 to 3,0. 

The flexura! strength of the fixation devices 
according to the invention should exceed 60 MPa, 

50 preferably 100 MPa. Its modulus of elasticity 
should exceed 7 MPa, preferably 10 MPa. 

The resorbable or degradable polymeric and/or 
polymeric-ceramic materials to be used for the 
fixation device according to the invention should 

55 have a Young's modulus in the range of 1 to 50 
GPa and a tensile strength in the range of 0,1 to 
20,0 GPa. 

The Young's modulus should preferably be in the 
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range of 5 to 15 GPa, most preferably in the range 
of 7 to 10 GPa. The tensile strength should prefer- 
ably be in the range of 0,5 to 3,0 GPa, most 
preferably in the range of 0,7 to 2,5 GPa. 

The polymeric material should preferably have 
a at least partially oriented structure. 
Resorbable fixation devices according to the inven- 
tion can be produced using standard techniques of 
polymer processing, mainly by injection-moulding, 
compression-moulding and in-mould polymeriza- 
tion. 

Typical absolute dimensions of the fixation de- 
vice according to the invention, e.g. for maxil- 
lofacial surgery are: 

- length 6 to 8 mm; 

- diameter 1 ,8 to 2,5 mm. 

Dimensions of fixation devices for treatment of 
small fragments and/or osteochondral defects are: 

- length 20 to 40 mm; 

- diameter 1 ,5 to 4,0 mm. 

While the foregoing description and drawings 
represent the preferred embodiments of the 
present invention, it will be obvious for those skilled 
in the art that various changes and modifications 
may be made therein without departing from the 
true spirit and scope of the present invention. 

Claims 

1. In a resorbable fixation device for treating torn 
bodily material in vivo having a tip (1), a head 

(2) , and a cylindrically shaped shaft portion (3) 
lying between said tip (1) and said head (2), 
said shaft portion (3) having at least one reten- 
tion element (4) protruding radially therefrom 
to facilitate insertion of said shaft portion (3) 
longitudinally into said bodily material in a for- 
ward axial direction extending from said tip (1) 
to said head (2) and to restrict movement of 
said shaft portion (3) through said bodily ma- 
terial in a backward axial direction opposite to 
said forward direction, characterised in that 

said shaft portion (3) has a hollow body (9) 
with at least one radial opening (5) extending 
transversely through the walls (6) surrounding 
said hollow body (9) and rendering said shaft 

(3) radially elastic; 

said walls (6) are provided with at least 
one stiffening element (7) arranged along the 
inner side of said walls (6) surrounding said 
hollow body (9) and protruding therein; 

said radial opening (5) is in the form of a 
longitudinal slit dividing said shaft (3) into two 
lateral segments (31,32) connected at least at 
said tip (1). 

2. Device according to claim 1, characterised in 
that a plurality of said stiffening elements (7) is 



arranged in said axial direction, preferably in a 
regular pattern. 

3. Device according to claim 1 or 2, characterised 
5 in that said stiffening elements (7) are connect- 
ing said two lateral segments (31 ,32). 

4. Device according to one of the claims 1 - 3, 
characterised in that said head (2) is also di- 

70 vided by said radial opening (5) in the form of 

a longitudinal slit allowing lateral movement of 
said two lateral segments (31,32) around said 
tip (1) which connects them. 

15 5. Device according to one of the claims 1 - 4, 
characterized in that its flexural strength ex- 
ceeds 60 MPa, preferably 100 MPa. 

6. Device according to one of the claims 1-5, 
20 characterized in that its modulus of elasticity 

exceeds 7 MPa, preferably 10 MPa. 

7. Device according to one of the claims 1 - 6, 
characterized in that it comprises resorbable or 

25 degradable polymeric and/or polymeric-ceram- 

ic material, having 

a Young's modulus in the range of 1 to 50 
GPa; and 

a tensile strength in the range of 0,1 to 
30 20,0 GPa. 

8. Device according to claim 7, wherein said 
Young's modulus is in the range of 5 to 15 
GPa, preferably in the range of 7 to 10 GPa. 

35 

9. Device according to claim 7, wherein said ten- 
sile strength is in the range of 0,5 to 3,0 GPa, 
preferably in the range of 0,7 to 2,5 GPa. 

40 10. Device according to one of the claims 7 - 9, 
wherein at least 90 weight percent of said 
polymeric material has a molecular weight in 
the range of 100'000 to 900*000, preferably in 
the range of 200*000 to 350*000. 

45 

11. Device according to one of the claims 7-10, 
wherein said polymeric material has a poly- 
dispersity in the range of 1,2 to 100,0, prefer- 
ably in the range of 1 ,5 to 3,0. 

50 

12. Device according to one of the claims 7-11, 
wherein said polymeric material comprises 
highly purified polyhydroxyacids, polyamines, 
polyaminoacids, copolymers of amino acids 

55 and glutamic acid, polyorthoesters, polyan- 

hydrides, polyamides, polydioxanone, poly- 
dioxanediones, polyesteramides, polymalic 
acid, polyesters of diols and oxalic and/or suc- 
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cinic acids, polycaprolactone, copolyoxalates, 
polycarbonates or poly(glutamic-co-leucine). 

13. Device according to claim 12, wherein said 
polyhydroxyacids comprise polycaprolactone, 
poly(L-lactide), poly(D-lactide), poly(L/D-lac- 
tide), poly(L^DL-lactide) polyglycolide, 
copolymers of lactide and glycolide, poly(DL~ 
lactide-co-glycolide), poly(DL-lactide-co- 
caprolactone), copolymers of glycolide and 
trimethylene carbonate, poly(glycolide-co- 
trimethylene carbonate), polyhydroxybutyrate,- 
polyhydroxyvalerate, copolymers of hydrox- 
ybutyrate and hydroxyvalerate. 

14. Device according to one of the claims 7-13, 
wherein the polymeric material has a degrada- 
tion rate in vivo in the range of 6 weeks to 24 
months. 

15. Device according to one of the claims 7-14, 
wherein the polymeric material has a at least 
partially oriented structure. 

16. Device according to one of the claims 17-15, 
characterized in that said head (2) is designed 
as a grip portion (8) for releasable engagement 
by a hollow introducer, said grip portion (8) 
being preferably provided with a predeter- 
mined breaking or cutting point. 

17. Device according to claim 15, characterised in 
that orientation of said retention elements (4) in 
the upper shaft portion (3) adjacent to said 
head (2) is reversed in the opposite direction 
adjacent to the tip (1). 

18. Introducer for implanting a resorbable fixation 
device according to one of the claims 1-17, 
characterized in that it has an elongated cylin- 
drical shape with a grip portion and that it 
comprises a threaded pusher (21) engaging 
with the upper portion of a threaded hollow 
cylindrical member (22) having longitudinal 
cuttings (26) in the lower conical part and a 
load transmitting ball (23) which by screwing 
forward the pusher (21) presses the lower coni- 
cal part of the hollow cylindrical member (22) 
and opens the jaws (25) for receiving the grip 
portion (8) of the fixation device (10) and by 
screwing backward the pusher (21) is pushed 
backward by the opened jaws (25), the latter 
clamping releasably the grip portion (8) of the 
fixation device (10). 

19. Introducer according to claim 18, characterized 
in that it further comprises a spring-activated 
pusher (41) with an annular stop (47) for a 



spring (44) engaging with the upper portion of 
a hollow cylindrical member (42) with an an- 
nular stop (48) for the spring (44) and having 
longitudinal cuttings (46) in the lower conical 

5 part and a load transmitting ball (43) which by 

pushing forward the pusher (41) against the 
force of the spring (44) presses the lower 
conical part of the hollow cylindrical member 
(42) and opens the jaws (45) for receiving the 

10 grip portion (8) of the fixation device (10) and 

by releasing backward the pusher (41) is push- 
ed backward by the opened jaws (45), the 
latter clamping releasably the grip portion (8) 
of the fixation device (10). 

75 

20. Introducer according to claim 18 or 19, 
characerized in that it further comprises a 
spring-activated pusher (51) with an annular 
stop (57) for a spring (54) engaging with the 
20 upper portion of an unslitted hollow cylindrical 

member (52) with an annular stop (58) for the 
spring (54) and with a cylindrical implant 
chamber (57) adapted to receive a full fixation 
device (17) without grip portion. 

25 
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